Design and development of a product in the early stage of production is based on cost estimation. This paper aims at presenting the compared results of the application of two different approaches -namely regression model and fuzzy logic for the estimation of the cost. Fuzzy cost estimation is based on data needed to estimate the cost, which sometimes is imprecise or uncertain. Also at the early stages of design, the knowledge required to estimate the cost is not available accurately to use the regression technique. Therefore, this paper investigates the possibility of applying fuzzy logic in cost estimation for producing a pressure vessel as a case study.
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Introduction:
Design and development of a product in the early stage of production is based on cost estimation [1, 2] . Good cost estimation helps designers to modify the design to achieve proper performance. Also, it helps the high level designer take a decision when there are more than one alternative available. Overestimating can result in loss of a good customer, while underestimating may lead to a loss to the enterprise. Manufacturing engineers are interested in cost estimation filed to get a high product quality with low cost. Therefore, cost estimation techniques become important for study. Zhang [3] introduced a feature-based cost estimation approach for packaging products. Ben-arich [4] modified the activity-based cost (ABC) method. Adnan [5] classified cost estimation based on grouping the techniques with similar features into two categories qualitative and quantitative. EL Baradie [6] applied the fuzzybased system for machining data selection when the relationship between a given workpiece material hardness and the cutting speed is an empirical-imprecise relationship. Fuzzy logic approach is helpful to provide accurate cost estimation when dealing with the uncertainty which comes from the non-process variables or lack of knowledge. Jahan-Shahi [7] applied fuzzy logic in cost estimation to Flat Plate Processing (FPP'S). Jahan-Shahi [8] developed a new approach called Multivalued Fuzzy Sets (MVFS) to deal with non-process variables and decrease the uncertainty to an interval containing optimistic, mostlikely and pessimistic activity-time estimates. Shehab [9] introduced an intelligent system for modeling product cost at the conceptual design stage of product using a fuzzy-based system. There are works for compare between using regression and neural network techniques. Smith [10] studied the possibility of replacing a classic costing method with one based on an artificial neural network. The results obtained in the case study confirm the validity of this innovative method, giving results similar and sometimes better than classical approaches, but with the limitation of a reduced possibility of interpreting and modifying data. Shteb [11] tested and compared the accuracy of the traditional approach of regression analysis with the neural network based cost estimation model in steel pipe bending. The results of comparison provide that the neural network outperformed regression analysis. Verlinden [12] mentioned that the regression is better for sheet metal production if the number of independent input variables is limited.
In literature, cost estimation techniques can summarized to qualitative and the other quantitative [5] . Qualitative cost techniques make a decision as a result of a comparison study of a new product with another one which has been already produced by the plant. By using historical cost data the time necessary to evaluate the cost is reduced. These techniques can be classified into intuitive and analogical techniques. Among the intuitive techniques are cost-based reasoning, fuzzy-logic approach and expert systems [9, 13, 14, 15] . The back-propagation neural-network approach and regression analysis models are considered analogical techniques [10, 11, 12] . Fuzzy-logic approach is helpful to cope with human variable uncertainty. Also, the back-propagation neural-network approaches can deal with nonlinearity problems. However, these techniques can be used only when similar past design is available and it is difficult to deal with the concept "similarity" [16] .Quantitative techniques are based on a detailed analysis of the product design and operation process corresponding to design. In these techniques, cost is calculated using an analytical function of certain variables representing different product parameters or decomposing a product into elementary components (row materials, activities, labors, equipment, etc) and then sum all elements during product production cycle. Quantitative techniques can be classified to parametric [16, 17] and analytical techniques [18, 19] . However, these approaches can be used only if all the characteristics of the product and production process are well defined.
To select which technique can be used is not completely free, because each of them needs different amount of input data and knowledge. In this paper fuzzy logic approach is investigated to use in cost estimation. This approach becomes a useful means when the knowledge required estimating the cost is not available accurately. This study applies fuzzy logic in cost estimation for producing a presser vessel as a case study.
Section 2 gives the models, section 3 shows the case study, section 4 shows the results of a case study and section 5gives conclusions.
Regression model and Fuzzy logic techniques:

Regression model
Cost estimation using regression model have been used from long time to support cost engineers in different areas [3, 11, 16] . There is a special equation for each case according to statistical test (best subset). This test determines the best property combination to display the relationships between the cost estimation and variables considered.
The type of relationships between cost estimation and variables assumed are a prior. The correlation between variables is not acceptable in a regression model. The output results were appraised using the Absolute Relative Error (ARE) defined as;
Using the best subset test for the data available for vessels used in the case study [20] the regression model expresses the relationships between cost and variables as
Where, p is the number of predictor variables, n is the number of sample data i =1,…., n and 01 , ,......., 
Fuzzy logic techniques:
A schematic diagram for using fuzzy logic, which is composed of four main steps namely, fuzzification, fuzzy rule base, fuzzy inference engine and defuzzification is shown in Fig 1. In the fuzzification step, the input of numerical value maps into fuzzy sets of the linguistic associated with that value. A fuzzy set, U, defined on universe of discourse, X, the domain of the fuzzy variable is characterized by a membership function
which is drown from interval [0, 1] expressed as follows:
Figure( 1): General diagram of a fuzzy system
The membership function defined for each fuzzy set is applied on the input parameter to determine the degree of truth. In fuzzy rule base knowledge acquisition is the main concern of building of the expert system. The knowledge in the form of IF-THEN rules can be obtained from data. Several rules constitute a fuzzy rule-based system. Each rule has a premise (the part of the rule between the "IF" and"THEN") and a conclusion (the part of rule following the "THEN"). The premise part is the collection of conditions connected by AND, OR and NOT logic operators.
In the fuzzy inference engine step, the truth value for the premise of each rule is computed and applied to the conclusion part of each rule. This is done for composed rules usually used the Mamdani min inference operator with the Min/Max inference technique.
The last step in the system is Defuzzification, which convert the fuzzy output sets to a crisp value. There is more than one Defuzzification method; the most common is the Center of gravity (Centroid) defined by [21 ] as:
The Case Study:
The objective of research was to compare the result obtained from the application of cost estimation regression method with those achieved with fuzzy logic technique. Gerrard, et al. 
The output consisting of three membership functions determined by (EXPENSIVE, MEDIUM, SMALL) expressed as (EX, MD, S). Figure 6 shows the complete triangular membership function for the cost estimation. For fuzzy technique, with three input variables each of which consists of three membership functions, a (3x3x3) decision table with 27 rules is constructed. Decision tables provide a means for system rules which can be used to indicate the relationships between the input and output variables of the fuzzy logic system. Table 1 shows the inputs and the output of the fuzzy-rule-base system. A sample of a decision table for cost estimation is illustrated in Table 2 . The last step is to determine the degrees of truth of each linguistic term of the output of linguistic variable, by computing the maximum (MAX) of the degree of the truth of the rules with the same linguistic terms in the THEN parts. This inference method is called the minmax method. After obtaining the output fuzzy set, it is defuzzified by the center of area method.
Experimental results analysis:
The regression and fuzzy logic models have been investigated and validated by comparing the result with the actual costs of nineteen samples available [20] . The statistical analysis indicated the superiority of the second degree order of regression model. The absolute relative error (ARE) for regression is 9.9%. Figure 6 shows the compared estimation cost of the two models with the actual cost. The Table 3 indicates that the maximum and minimum absolute errors of the regression model are 34.33% and 0.32% respectively. Also the maximum and minimum absolute errors of fuzzy model are 140.08% and 0.40% respectively. T-value=-1.37 p-value=0.188
Conclusions:
This paper compares two different methods for cost estimation. These methods are the regression model and the fuzzy logic method. A simple regression model of the second order was chosen because it is easily applied. The Fuzzy technique has the advantage when the available data required for cost estimation are not accurate enough to use regression method. The comparison revealed that when sufficient data regarding previous production history is available, Fuzzy logic is unable to predict cost as accurate as linear regression. The comparison revealed that the fuzzy logic over predicted the cost in comparison to regression analysis. However, it is expected that fuzzy logic can be used when the available data are imprecise or uncertain in the early stages of design. A model based of on fuzzy logic designed to estimate the cost of repetitive operations in a typical manufacturing environment could support design to cost
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